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Abstract: Rural drinking water safety is a growing concern in China. This study investigated the
health risk of pollution of groundwater for the drinking water supply in Mingshan County, Ya’an
City, in Sichuan Province, China, using 46 samples from the years 1991 to 2010. Carcinogenic,
non-carcinogenic, and total risks were assessed by the model recommended by the United States
Environmental Protection Agency (U.S. EPA). Thematic maps of the risks caused by single and
multiple factors were generated from inverse distance weighting interpolation (IDW) and the
geostatistical analysis functions of ArcGIS. The results show that the carcinogenic risks caused by
chemicals in groundwater for drinking water supply are low, within the acceptable interval for risk
management. However, non-carcinogenic risks are high and the number of sampling sites with risk
values exceeding the standards amounted to 29. Non-carcinogenic risks of Cr6+, nitrate, fluoride,
and Fe at sites 43, 46, 50, 64, 67, and 74 were the sources that caused high total health risk. This
study reveals the risk level of groundwater quality and orders of treatment of pollutants, and
provides a scientific basis for groundwater management in this area.
Key words: groundwater for drinking water supply; water safety; health risk assessment (HRA);
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1 Introduction
With continuing Chinese economic development, constantly polluted groundwater has
been a serious threat to human health and social progress. Effective methods for monitoring
and evaluating groundwater quality are the focus of current research.
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Health risk assessment (HRA) is an important evaluation method that associates
environmental pollution with human health. It involves identifying risk indexes of potential
risk sources, estimating the values of risk indexes, and quantifying the health consequences of
exposure. HRA consists of four steps: hazard identification, exposure assessment,
dose-response assessment, and risk characterization (Ma et al. 2007; Emmanuel et al. 2009). It
regards the risk value as the evaluation index and quantitatively describes the risk of pollution
to human health. Its aim is to estimate the probability and degree of damage caused by
chemical or physical factors to humans, animals, or ecosystems under specific environmental
conditions (Fewtrell et al. 2001). With HRA, water environmental quality and public health
hazards can be linked quantitatively, the degree of damage caused by environmental pollution
to the public can be described quantitatively, and comprehensive conclusions (the annual risks
of harm to human health) of environmental quality can be drawn directly. The priority of
pollutants and orders of treatment are then determined so as to provide a scientific basis for
environmental health risk management (Wang et al. 2009).
At present, HRA has been applied to some extent in China and other countries (Nguyen
et al. 2009; Chai et al. 2010), and most research has focused on wastewater and surface water
risk evaluation. For example, Gros et al. (2010) used hazard indexes to determine the
occurrence of 73 pharmaceuticals in hospital wastewater, and results indicated that
pharmaceuticals were widespread pollutants in the aquatic environment. Gómez-Gutiérrez
et al. (2007) assessed the toxicity caused by polychlorinated biphenyls (PCBs), dichloro
diphenyl trichloroethanes (DDTs), and hexachlorobezene (HCB) in the benthic community of
the Mediterranean Basin. However, no guidance documents on technologies for groundwater
pollution health risk assessment have been published by the state authorities in China.
Groundwater pollution risk assessment theory and technical methods are not perfect (Li et al.
2008). Most research focuses on health risk assessment caused by a single factor, but very few
studies on that caused by multiple factors.
ArcGIS is a computer technology that can conduct acquisition, management, operation,
analysis, simulation, and display of spatial data, based on databases of geographic properties
with the support of computer hardware and software. It provides a variety of dynamic
geographic information with the method of geographic model analysis.
In China, rapid progress about ArcGIS has been made in technological research,
application of results, personnel training, and software development since 1996. GIS
(geographic information system) has moved from the initial experimental research and local
application to integration and practical use in engineering, so as to provide aids for analysis
and decisions for national economic development.
Geostatistical analysis has been used to determine the spatial and temporal variability of
soil and water variables (Shaban et al. 2010; Razmkhah et al. 2010; Lee et al. 2007; Zeng et al.
2009; Hu et al. 2005). Risk assessment of contamination of drinking groundwater is vital to
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formulating effective measures to prevent pollution. Related research (Ni et al. 2009) has
shown that thematic maps of groundwater health risk with the application of ArcGIS is useful
for the simulation and comparison of risk values, and for the display of the spatial distribution
of the risk.
This study investigated the risk level and the causes of unsafe drinking water from
groundwater and orders of treatment of pollutants. Thematic maps of spatial distribution of
health risk were generated, providing a scientific basis for decision and management of
groundwater for drinking water supply.
2 Materials and methods
2.1 Overview of study area
Mingshan County in Ya’an City, China is located on the western edge of the Sichuan
Basin, between longitudes 103°2'E and 103°23'E and latitudes 29°58'N and 30°16'N, with an
area of 614.27 km2, a population of 258 500, nine towns, and 11 townships. This area was
selected based on population density, topography, socioeconomic conditions, and other factors.
First of all, the area has many ecotones and fierce competition between communities, and
has been greatly influenced by external factors. Main water sources and types of water
supplies in the western Sichuan Basin are represented. Furthermore, local waterborne diseases
are present, and the impact of environmental pollution on drinking water quality in the area
can be represented, quick water sampling can be conducted, and the testing points of national,
provincial, and local diseases are covered.
Second, local villagers have relied on wells and river water for a long time. The
problems of poor water quality and water shortage have a significant influence on villagers’
lifestyle and productivity. According to the survey, the population exposed to unsafe
drinking water amounts to  120800 , of which the population exposed to the fourth-level or
above the fourth-level surface water, according to China’s five-level water quality ranking
system, amounts to  25695 ; the population exposed to a bacteriological index exceeding
standards is  11000 ; the population exposed to heavily polluted and untreated groundwater
(with salt cake) is  8 703 ; and the population exposed to water exceeding other index
standards is  39045 (Ni 2007).
2.2 Sampling sites
With comprehensive consideration of geology, topography, geomorphology, hydrology,
water systems and sources of groundwater for drinking water supply, water-related diseases,
and types and distribution of water supply projects, 82 water samples were collected in the
nine towns and 11 townships in Mingshan County beginning in 1991. Forty-six groundwater
samples, including well water, spring water, valley water, and stream water, were collected.
The distribution of their locations is shown in Fig. 1.
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Fig. 1 Distribution of sampling sites
2.3 Risk indexes
A YSI9500 detector was used to determine 25 physical, chemical, and toxicological
parameters of the 46 sampling sites. These parameters included pH, color, hardness, alkalinity,
K, Mg, Zn, Cu, free Cu, Al, Fe, Mn, Cr6+, Hg, Cd, As, Pb, ammonia, sulfate, phosphate, nitrate,
chloride, sulfide, fluoride, and nitrite. With consideration of results of epidemiological surveys,
nine toxicological indexes (Hg, Cd, As, Pb, Fe, Mn, Cr6+, fluoride, and nitrate) were selected as
the indexes for HRA, based on whether carcinogens and non-carcinogens in the tested indexes
were harmful to human health. The data of each parameter are shown in Table 1. Mn was
detected only at sites 21, 23, 28, 71, and 72, with a concentration of 0.23 mg/L; As and Pb were
detected only at site 38, with a concentration of 0.01 mg/L; and concentrations of Mn, As, Pb,
Hg, and Cd of other samples were all below the minimum detectable values.
2.4 Mathematical models
This study used the HRA model suggested by the U.S. EPA (the Unites States
Environmental Protection Agency), including mathematical models of carcinogenic and
non-carcinogenic risks caused by a single factor, and a mathematical model of total risk
caused by multiple factors (U.S. EPA 1989; Ni et al. 2009), to calculate the health risk of
groundwater for drinking water supply.
2.4.1 Mathematical model of carcinogenic risk caused by single factor
It is generally agreed that the exposure dose rate has a linear relationship with human
carcinogenic risk when people are exposed to low chemical carcinogen doses. When high doses
lead to high carcinogenic risk, there is an exponential relationship between the exposure dose
and human carcinogenic risk, which can be calculated with the following formulas:
( )
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Table 1 Detected concentration values of risk indexes
Site
Concentration (mg/L)
Site
Concentration (mg/L)
Site
Concentration (mg/L)
Fe Fluoride Cr6+ Nitrate Fe Fluoride Cr6+ Nitrate Fe Fluoride Cr6+ Nitrate
1 0.64 0.32 0 0.80 38 3.34 0.18 0 0.57 66 0.09 0 0.15 0.01
8 1.84 0 0 0.11 42 1.00 1.34 0.08 0.64 67 0 1.28 0.19 0.39
11 0.10 0.10 0 6.00 43 1.00 1.36 0.19 0.72 68 0.01 0 0.19 0.07
15 0.15 0.10 0 0.10 45 0.09 1.19 0.12 0.50 69 0.1 0 0.24 0.02
21 0.31 0.10 0 1.08 46 0.85 0.81 0.14 1.38 71 0 0 0.16 0.49
23 0.32 0.10 0 1.07 50 0.25 1.37 0.20 0.07 72 0 0 0.16 0.12
24 0.28 0.10 0 1.77 52 0.20 0.14 0.12 0.37 73 2.65 0 0.15 0.02
26 0.23 0.10 0 0.87 53 0.03 0.04 0.12 0.07 74 3.10 0 0.26 0.19
27 0.19 0.10 0 1.17 54 0.02 0.50 0.11 0.48 75 0.03 0 0.12 0.02
28 0.15 0.10 0 0.32 55 0 0.07 0.14 0.79 78 0 0 0.11 0.36
31 0.19 0.10 0 1.52 57 0.02 0 0.14 0.07 79 0.02 0 0.06 0.39
32 0.18 0.10 0 0.74 58 0.03 0 0.12 0.41 80 0 0.39 0.09 0.70
33 0.19 0.10 0 3.46 60 0.02 0.13 0.11 0.04 81 0 0 0.10 1.02
34 0.18 0.10 0 0.82 63 0.02 0 0.13 0.42 82 0 0.32 0.08 0.25
35 0.19 0.10 0 1.74 64 0.02 0 0.16 1.51
37 0.19 0.10 0 3.35 65 0.03 0.81 0.14 0.28
where R is the carcinogenic risk representing the excessive cancer probability in a person’s
lifetime, FS is the chemical carcinogenic slope factor (kg·d/mg) representing the lifelong
excessive carcinogenic risk of people when they are exposed to chemical carcinogen at the
dose of 1 mg per kg weight of a person every day, and E is the exposure dose rate (mg/(kg·d))
representing the daily intake of assessed pollutant per kg weight of a person.
E can be calculated with the following formula:
( )R F D W TE CI E E B A= (2)
where C is the concentration of chemical pollutants in source water (mg/L); RI is the
drinking rate (L/d, the suggested value is 2 L/d), representing a person’s daily amount of
drinking water; FE is the exposure frequency, representing the days of assessed pollutants
intake per year in the evaluation period; DE is the exposure duration (year, the value
recommended by the U.S. EPA is 30 years), representing the years of lifelong intake of
assessed pollutants; WB is the average weight of human bodies (kg, the optimum value in
China is 60 kg); and TA is the average time (d, the average carcinogenic time and
non-carcinogenic time are 70 365 d× and D 365 dE × , respectively).
2.4.2 Mathematical model of non-carcinogenic risk caused by a single factor
The non-carcinogenic chronic toxic property of chemical pollutants in the human body
takes the reference dose as a yardstick: people whose exposure level is higher than the
reference dose are probably at risk; and those whose exposure level is equal to or lower than
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the reference dose are less likely to be at risk.
IH is commonly used to represent the non-carcinogenic chronic toxic property:
I RFH E D= (3)
where RFD is the reference dose (mg/(kg·d)).
2.4.3 Mathematical model of total risk caused by multiple factors
For the total health risk caused by poisonous substances in drinking water, given that the
toxic effects of poisonous substances to the human body are synergistic effect rather than
cooperative or antagonistic, the total health risk of drinking water can be calculated as follows:
T NC CR R R= + (4)
where NCR is the total risk caused by non-carcinogens, CR is the total risk caused by
carcinogens, and TR is the total risk caused by non-carcinogens and carcinogens.
2.5 Parameter selection
Slope factors of three pollutants in drinking water hazardous to the human body and
reference doses of nine assessment factors can be obtained from data on the hazards of
chemicals to human health from the research results of the Health Effects Assessment
Summary Tables (HEAST), the Provisional Peer Reviewed Toxicity Values Database (PPRTV),
and the Integrated Risk Information System (IRIS) of the U.S. Department of Energy (Chen
et al. 2008). The slope factors of As, Cr6+, and Pb are, respectively, 1.50,  0.0073 , and
0.055 mg/(kg ·d). The reference doses of Pb, As, Cr6+, Fe, fluoride, nitrate, Hg, and Cd are,
respectively, 0.055, 0.0003, 0.003, 0.3, 0.06, 1.6, 0.0003, and 0.0005 mg/(kg·d).
2.6 Criteria of risk assessment
The results can be analyzed, compared, and assessed according to the Sanitary Standard
for Drinking Water Quality (2001), Standards for Drinking Water Quality (GB5749-2006),
and Quality Standard for Groundwater (GB/T14848-93).
2.7 Drawing of GIS thematic maps
2.7.1 Steps to make thematic maps
The steps to make thematic maps are as follows: relevant maps of the area and the
latitude and longitude of sampling sites are collected, maps are digitized using ArcGIS tools, a
coordinate system (Beijing 1984 coordinate system) is unified after editing, and registration is
conducted. Afterwards, thematic maps can be generated using GIS thematic layer organization
and the establishment and storage of spatial data with the appropriate interpolation method.
2.7.2 Interpolation method
The key to producing thematic maps is to choose reasonable interpolation methods. There
are two common methods: inverse distance weighting interpolation (IDW) and kriging
interpolation. IDW assigns weights to neighboring observed values based on the distance to the
interpolation location and the interpolated value is the weighted average of the observations
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(Ahrens 2006). The kriging interpolation method is a group of geostatistical techniques for
interpolating the value of a random field (e.g., the elevation of the landscape is taken as a
function of the geographic location) at an unobserved location from observed data at nearby
locations (Jin et al. 2003). The IDW method, a deterministic spatial interpolation model, is
one of the most popular methods adopted by geoscientists and geographers, partly because it
has been included in many GIS packages. This study used the IDW method to generate
thematic maps.
3 Results and analysis
3.1 Calculation results of models
According to Eqs. (1), (2), (3), and (4), the carcinogenic risks and non-carcinogenic risks
caused by several single factors and the total risks caused by multiple factors were calculated,
as shown in Table 2.
Table 2 Risks caused by single factor and multiple factors
Site
IH R (10-5)
NCR C
R
(10-5)
TR Site
IH R (10-5)
NCR C
R
(10-5)
TR
Fe Fluoride Nitrate Cr6+ Cr6+ Fe Fluoride Nitrate Cr6+ Cr6+
1 0.07100 0.17800 0.01670 0 0 0.26570 0 0.26570 53 0.00333 0.02222 0.06921 1.33333 1 1.42809 1 1.42810
8 0.20400 0 0.00229 0 0 0.20629 0 0.20629 54 0.00222 0.27778 0.47667 1.22222 1 1.97889 1 1.97890
11 0.01110 0.05560 0.12500 0 0 0.19170 0 0.19170 55 0 0.03889 0.78833 1.55556 1 2.38278 1 2.38279
15 0.01670 0.05560 0.00208 0 0 0.07438 0 0.07438 57 0.00222 0 0.07196 1.55556 1 1.62974 1 1.62975
21 0.03440 0.05560 0.02250 0 0 0.13810 0 0.13810 58 0.00333 0 0.41250 1.33333 1 1.74916 1 1.74917
23 0.03560 0.05560 0.02230 0 0 0.13910 0 0.13910 60 0.00222 0.07222 0.03942 1.22222 1 1.33608 1 1.33609
24 0.03110 0.05560 0.03690 0 0 0.12360 0 0.12360 63 0.00222 0 0.41983 1.44444 1 1.86649 1 1.86650
26 0.02560 0.05560 0.01810 0 0 0.09930 0 0.09930 64 0.00222 0 1.51250 1.77778 2 3.29250 2 3.29252
27 0.02110 0.05560 0.02440 0 0 0.10110 0 0.10110 65 0.00333 0.45000 0.27867 1.55556 1 2.28756 1 2.28757
28 0.01670 0.05560 0.00667 0 0 0.10457 0 0.10457 66 0.01000 0 0.00706 1.66667 2 1.68373 2 1.68375
31 0.02110 0.05560 0.03170 0 0 0.10840 0 0.10840 67 0 0.71111 0.39050 2.11111 2 3.21272 2 3.21274
32 0.02000 0.05560 0.01540 0 0 0.09100 0 0.09100 68 0.00111 0 0.07196 2.11111 2 2.18418 2 2.18420
33 0.02110 0.05560 0.07210 0 0 0.14880 0 0.14880 69 0.01111 0 0.01989 2.66667 3 2.69767 3 2.69770
34 0.02000 0.05560 0.01710 0 0 0.09270 0 0.09270 71 0 0 0.48950 1.77778 2 2.29288 2 2.29290
35 0.02110 0.05560 0.03630 0 0 0.11300 0 0.11300 72 0 0 0.11917 1.77778 2 1.92255 2 1.92257
37 0.02110 0.05560 0.06980 0 0 0.14650 0 0.14650 73 0.29444 0 0.01503 1.66667 2 1.97614 2 1.97616
38 0.37100 0.10000 0.01190 0 0 0.68810 22 0.68832 74 0.34444 0 0.18755 2.88889 3 3.42088 3 3.42091
42 0.11111 0.74444 0.63983 0.88889 1 2.38427 1 2.38428 75 0.00333 0 0.01568 1.33333 1 1.35234 1 1.35235
43 0.11111 0.75556 0.71867 2.11111 2 3.69643 2 3.69645 78 0 0 0.35750 1.22222 1 1.57972 1 1.57973
45 0.01000 0.66111 0.49867 1.33333 1 2.50311 1 2.50312 79 0.00222 0 0.39050 0.66667 1 1.05939 1 1.05940
46 0.09444 0.45000 1.37500 1.55556 1 3.47500 1 3.47501 80 0 0.21667 0.70033 1.00000 1 1.91700 1 1.91701
50 0.02778 0.76111 0.06692 2.22222 2 3.07803 2 3.07805 81 0 0 1.01750 1.11111 1 2.12861 1 2.12862
52 0.02222 0.07778 0.36850 1.33333 1 1.80183 1 1.80184 82 0 0.17778 0.25300 0.88889 1 1.31967 1 1.31968
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At sites 21, 23, 28, 71, and 72, non-carcinogenic risk caused by Mn is 0.025 6. At site 38,
non-carcinogenic risks caused by As and Pb are, respectively, 0.11 and 0.095 2, and their
carcinogenic risks are 2.14 × 10–4 and 7.86 × 10–6, respectively. For other sites, carcinogenic
and non-carcinogenic risks caused by Mn, As, Pb, Hg, and Cd can be neglected.
3.2 GIS thematic maps
Thematic maps of the health risk in this area can be generated using ArcGIS tools
according to the values in Table 2. The maps are shown in Fig. 2.
Fig. 2 Spatial variation of health risk from groundwater
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3.3 Analysis and discussion
3.3.1 Carcinogenic risk
According to Table 2, carcinogenic risks caused by pollutants in this area are from 1.0×10–5
to 2.2 × 10–4, and Cr6+ is the predominant hazardous substance. The risk values at sites 74, 69,
50, 43, 67, and 68 are relatively high. Carcinogenic risks caused by As and Pb are 2.14 × 10–4
and 7.86 ×10–6 at site 38. However, risks of other samples can be neglected.
According to many years of risk management practice, carcinogenic risk values between
1.00 × 10–6 and 1.00×10–4 are acceptable under the full extent of their carcinogenic effect
(Chen et al. 2008). Thus, only the carcinogenic risk of site 38 exceeds the prescribed limit,
with a total carcinogenic risk of 2.2 × 10–4. According to the classification information of the
U.S. EPA IRIS, As is an A-type carcinogenic pollutant (the U.S. EPA proposed 1.00 × 10–6 for
risk control standard), and Pb is a B2-type carcinogenic pollutant (risk control standard can be
appropriately relaxed to 1.00 × 10–5). According to the above standards, the carcinogenic risk
caused by As of site 38, 0.000 214, is 214 times higher than the standard. As a result, site 38 is
a groundwater source exceeding standards.
3.3.2 Non-carcinogenic risk
Total non-carcinogenic health risk is at the interval from 0.074 38 to 3.696 43. According
to the risk values, pollutants hazardous to health are ranked as follows: IH (Cr6+) >
IH (nitrate) > IH (fluoride) > IH (Fe) > IH (Mn). Risk values at sites 43, 46, 74, 64, 67, and
50 are relatively high. According to the definition of a hazard index, 1.0 is determined to be a
risk control standard of chronic poisoning effects to evaluate.
According to Figs. 2 (a), (b), (c), (d), and (e), Cr6+, nitrate, fluoride, and Fe are the main
pollutants that cause non-carcinogenic risk. Non-carcinogenic risks caused by Hg, Cd, As, Mn,
and Pb are not so significant; there are 29 samples with a total risk value exceeding 1.0 in the
46 water samples.
Thus, there exist health risks to some extent in groundwater for drinking water supply
in this area (i.e., risks cannot be neglected). The four main pollutants exceeding the
standards at these sampling sites were found to be of concern and deserving of more
research and monitoring.
3.3.3 Total risk
Total health risks caused by multiple factors are in the range of 0.074 38 to 3.696 45. Risk
values at sites 43, 46, 74, 64, 67, and 50 are relatively high.
The toxic effects of various kinds of poisonous substances to the human body are
synergistic rather than cooperative or antagonistic. Non-carcinogenic risk is over 1 000 times
the carcinogenic risk, and non-carcinogenic risk dominates in the total risk.
3.3.4 Risk analysis of pollutants
Below is a description of the risk associated with various pollutants:
Cr6+: As Table 1, Table 2, and Figs. 2(a) and (e) show, the non-carcinogenic risk caused
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by Cr6+ is between 0 and 2.888 89, with an average risk value of 1.444 45, and risk values at
sites 74, 69, 50, 43, 67, and 68 are relatively high; carcinogenic risk caused by Cr6+ is between
1.0 × 10–5 and 2.711 × 10–5, and risk values at sites 74, 69, 50, 43, 67, and 68 are also relatively
high. According to the rules in Sanitary Standard for Drinking Water Quality (2001), the limit
value of Cr6+ is 0.05 mg/L. However, concentrations in the water samples are, respectively,
0.26, 0.24, 0.20, 0.19, 0.19, and 0.19 mg/L, all of which exceed the standard. Cr6+ mainly
contributes to chronic poisoning of humans. It can invade the human body through the
alimentary canal, respiratory tract, skin, and mucous membranes. It mainly accumulates in the
liver, kidney, and endocrine glands, and easily gets into the lungs through the respiratory tract.
Chrome is a skin allergen and can cause allergic dermatitis or eczema over a longer duration of
exposure. For example, it is a strong irritant to eyes and mucous membranes, and a moderate
irritant to skin. It can lead to pulmonary embolism and liver damage once inhaled. Cr6+ is
classified as a prohibited substance in cosmetics in China and other countries of the
European Union.
As and Pb: As mentioned above, non-carcinogenic risks caused by As and Pb at site 38
are, respectively, 0.11 and 0.095 2; carcinogenic risks are, respectively, 2.14 × 10–4 and
7.86 × 10–6; and carcinogenic risks and non-carcinogenic risks of As and Pb of other samples
can be neglected. Chronic arsenic poisoning in drinking water can cause damage to system
functions of the human body, including hypertension, cardiovascular disease, neurologic
disease, diabetes, metabolic disorders of skin pigmentation, and skin keratosis, which all have
an impact on labor and life skills and ultimately transform into skin cancer accompanied by a
high incidence of bladder, kidney, liver, and other internal cancers. Acute lead poisoning
readily leads to stomach pains, headaches, trembling, and nervous irritability. In the most
serious cases, it may cause coma and death. Chronic and long-term effects of lead can also
affect the brain and nervous system, even if in very low concentration.
Nitrate: According to Table 1, Table 2, and Fig. 2(b), the non-carcinogenic risk of nitrate
is between 0.002 08 and 1.512 50, with an average value of 0.757 3, and risk values at sites 64,
46, and 81 are relatively high. Nitrate, which does great damage to human health, livestock,
crops, rivers, and lakes, is an important index of water pollution. The increase in nitrate
content in water is mainly from domestic sewage, spraying of pesticide fertilizer, and
industrial wastewater pollution.
Fe and Mn: According to Table 1, Table 2, and Fig. 2(d), the spatial distribution of Fe and
Mn in groundwater in this area is related to soil parent material, soil type, and human activities
(Hu et al. 2009). Non-carcinogenic risk of Fe is at the interval from 0 to 0.371, with an
average value of 0.185 5, and risk values at sites 38, 74, 73, and 8 are relatively high. The Fe
concentrations at sites 38, 74, 73, 8, 43, 42, 46, 1, 23, and 21 exceed the standards in Sanitary
Standard for Drinking Water Quality (GB5749-2006) and the third-level standards in the
Quality Standard for Groundwater (GB/T14848-93); the Fe concentrations at sites 38, 74, 73,
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8, 43, 42, 46, and 1 exceed the small-scale centralized water supply and decentralized water
supply standard and limit (0.5 mg/L) in Sanitary Standard for Drinking Water Quality
(GB5749-2006). As for Mn, it was tested only at sites 21, 23, 28, 71, and 72, where its
concentration was 0.23 mg/L, which is below the small-scale centralized water supply and
decentralized water supply standard and limit (0.5 mg/L) from Sanitary Standard for Drinking
Water Quality (GB5749-2006); however, the Mn concentration at sites 21, 23, 28, 71, and 72
exceeds the third-level water standard in Quality Standard for Groundwater (GB/T14848-93)
and conventional water quality indicators and limits (0.1 mg/L) in Sanitary Standard for
Drinking Water Quality (GB5749-2006). Increasing lipid peroxidation induced by excessive
iron results in the imbalance between oxidative and antioxidative systems, directly damaging
DNA, inducing mutations, and possibly leading to tumors of the liver, colon, rectum, lung,
esophagus, bladder, and other organs. Long-term and low-dosage inhaled Mn can cause
chronic poisoning. Shaking palsy can occur, with mental disorders like schizophrenia and the
Parkinson’s disease-like syndrome of the extrapyramidal system, eventually becoming a
permanent disability.
Fluoride: As Table 1, Table 2, and Fig. 2(c) show, non-carcinogenic risk caused by
fluoride is between 0.00 and 0.761 1, with an average risk value of 0.380 6, and risk values at
sites 50, 43, 42, 67, 45, 46, and 65 are relatively high. Fluoride concentration in drinking water
is 1 mg/L in Sanitary Standard for Drinking Water Quality (GB5749-2006). However, fluoride
concentrations at sites 50, 43, 42, 67, and 45 are, respectively, 1.37, 1.36, 1.34, 1.28, and
1.19 mg/L , all of which exceed the limits. Fluoride is an important microelement of the
human body and an indispensable ingredient for teeth and bones. Experts suggest a daily
intake of fluoride of 1 to 2 mg for the body, while excessive intake can cause fluorosis (mainly
skeletal fluorosis and dental fluorosis). Certain enzyme systems needed in the metabolism will
be destroyed, causing lesions of some organs.
4 Conclusions
Based on the above, the following conclusions can be drawn:
First, the high total risk of various pollutants for humans in this area and higher risk
values of most areas than the value recommended by the International Commission on
Radiological Protection (ICRP) and the U.S. EPA show that there exist certain risks that
cannot be neglected. A reasonable water quality improvement program must be developed so
as to address the practical problems of health risks in local groundwater.
Second, health risk in this area mainly consists of chemical non-carcinogens, with Cr6+
and nitrate being the leading factors, followed by fluoride and Fe. Health risk values of other
pollutants were all low except for a little higher value of Cr6+.
Thematic maps of carcinogenic and non-carcinogenic risks caused by a single factor and
multiple factors show prominent health risks. Research and monitoring should be focused on
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substances exceeding the standards in local groundwater.
This paper quantitatively describes the hazard degree of environmental pollution to
human health and could help to solve core issues regarding the quality of groundwater for
water supply in this area. However, the accuracy of data did not meet the needs of micro-scale
risk assessment of water quality; only the exposure pathway of average water intake was taken
into consideration, without consideration of other exposure pathways. In addition, although the
concentration of organics is relatively low in groundwater, with certain pollutant sources, the
carcinogenic risk might be higher. Therefore, more analysis of the indexes of organics is
highly recommended. Analysis and evaluation of such problems should be emphasized in
future study.
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